In this paper we exploit naturally occurring randomized settings within a very large dataset of golf shots to test whether order of play matters in competition. We isolate two settings where professional golf competitors find themselves with virtually identical shots, implying the order of play is effectively random. The settings we define allow us to identify unbiased, causal estimates of the relevance of moving first or second in competition. We find robust evidence that the secondmover has a statistically (and economically) significant advantage, which we argue is consistent with a learning effect in competition, in contrast to an intimidation or superstar effect as found elsewhere in the literature.
Introduction
In this paper we exploit naturally occurring randomized settings to test whether order of play matters in competition. To identify such settings we examine shot-level data for playing partners in PGA Tour events from 2003 through 2015, a data set that includes over 15 million observations. The size of the dataset affords us the opportunity to identify two specific cases where players face identical shots and the situation implies the order of play becomes randomized, providing something akin to a natural experiment. Typically it is difficult to identify any advantage of order of play when the order is endogenous to relative ability, current performance or some unobserved factor. Indeed, most of the time the order of play on a golf course is not random since the player with the better previous shot will be closer to hole on the subsequent shot, and thus will play second. Our strategy, however, allows us to overcome those issues.
First we identify the case when two playing partners find their respective positions within only a few inches of one another on the putting green, and each player is facing their first putt (on said green). In other words the players face a nearly identical path to the target, and the playing partners are close enough together that neither has a meaningful advantage in distance, yet by the rules of golf somebody has to play first. Hence the order of play is orthogonal to the previous shot, and controlling for relative ability and other factors such a setting should yield an unbiased estimate of the causal effect (if any) from the order of play. We also isolate a comparable scenario on holes measured as "par 4s" where two players find themselves within a few feet of each other on the fairway, on the same even terrain, each facing a second shot into the green. In such a situation the players face a similar "approach" to the target, and are close enough together that neither has a meaningful advantage in distance to the hole.
We isolate these two randomized settings in data from the PGA Tour ShotLink Intelligence Program which includes year-level, tournament, round-level, and shot-level statistics for each player for every PGA Tour tournament over that time span. The position of each ball (for every shot) is defined by (x, y, z) coordinates relative to a fixed point on each golf course (using laser measurement). Also recorded are the details of the ball at rest on the course, whether it sits atop groomed grass (the fairway), deeper grass (the rough), whether the ball sits on a slope, and so on.
A typical PGA tour event consists of four rounds of 18 holes each, with approximately 150 golfers starting each tournament (and about half finishing each tournament), which generates the 15 million total shots we exploit to define our experiments. In section 3 we discuss our "natural" experiments in detail and provide statistical evidence on the validity of our identification strategy.
In the settings we identify in this paper, it is possible the player hitting first has an advantage in that his outcome can exert some sort of negative pressure on the second player. This would be consistent with a "discouragement effect" discussed in studies such as Gill and Prowse's (2012) experimental test of order-or-play advantage in tournaments (Dechenaux et al. (2012) provide an extensive review of this literature). Apesteguia and Palacios-Huerta (2010) , for example, identify a first-mover advantage for professional soccer teams in penalty-kick situations.
The first-mover advantage may also arise in a setting consistent with the oft-cited Dixit (1987) model where a favorite, given the exogenous chance to move first, will exert more effort than the underdog in order to increase the likelihood of a winning result, and consequently the underdog will actually lower their effort. Similarly, a first-mover's success may produce an externality on the second-mover, which is something emphasized in peer effect studies such as Guryan et al. (2012) . We discuss these various mechanisms more in section 2.
Alternatively, the player hitting second may have the advantage since he is able to learn from the first-mover. The second-mover addresses his shot with knowledge of the competitor's result, how the competitor's shot was (or was not) affected by the wind, conditions on or surrounding the green, and so on. The ability of the second mover to "watch and learn" may be consistent with the idea of a "reference point" discussed in Della Vigna (2009) where performance is a function of relative position (and the psychological effect that has on a competitor). Moreover, learning might explain the lack of first-mover advantage found in Kocher, Lenz and Sutter (2012) , a study which takes a second look at the penalty kick scenario found in Apesteguia and PalaciosHuerta (2010) .
To test the possible advantage of order of play we define the unit of observation by player pairs facing the fairway and putting conditions described above. For our general specification we measure the effect playing first has on the resulting average distance remaining to the hole, controlling for the distance from the hole when setting up for the shot (or putt), relative player ability (measured by performance statistics), along with hole, course, round, tournament and group level fixed effects. For both experiments, we find there is a statistically significant disadvantage to playing first, even after controlling for relative player ability as well as the distance from the hole for each player.
On the green, for example, for the case when the playing partners are initially within two feet of each other, the player to putt first ends up 0.462 feet (or about six inches) further from the hole (on average) than the second-mover (the magnitude increases to 0.694 feet when the two players are within six inches of each other). From the fairway, in the case when the playing partners are within five feet of each other, the player moving first will end up approximately two and half feet further from the hole than the player hitting second (the magnitude increases to 3.58 feet when the two players are within one foot of each other when hitting from the fairway). We also estimate various alternative specifications to check the robustness of the second mover advantage we identify. For example, we find no attenuation of the second mover advantage even when the "favorite" in a pairing plays first.
Lastly, as an alternative to our primary experiments, we examine tee shots taken on par 3
holes. In addition to our two primary experiments, par 3 holes also offer a clear opportunity for learning. However, in contrast to our primary settings, the endogeneity of order of play on the tee suggests the need for a different identification strategy. We employ an instrumental variables (IV) strategy that suggests a second mover advantage also exists on par 3 holes. We expound on this extension as well as our primary experiments and robustness checks in section 4.
Our results may be of interest to a variety of researchers, including those interested in peer effects or the behavioral aspects of competition, or those interested in tournament theory more broadly. As emphasized in Dechenaux et al. (2012) , evidence from both experimental studies and field experiments on the importance of sequential order is mixed. Here we focus on a random "natural experiment" that arises infrequently among the 15 million shots taken on the PGA Tour since 2003. Our results may help shed light on some of the ambiguity from experimental and fieldexperiment literature. For example, Gill and Prowse (2012) provide experimental evidence that in a rank-order (sequential) tournament, there appears to be a "discouragement" effect from moving second, where the second mover lowers effort after observing a "high" effort by the first mover.
Our results stand in contrast to that finding. Our results also are in contrast to the first-mover advantage found by Apesteguia and Palacios-Huerta (2010) , though their setting, of course, was professional soccer. Moreover, our results suggest scant evidence for any "favorite" effect, even when the favorite is the exogenous first-mover, which is inconsistent with the mechanism suggested in Dixit (1987) .
With respect to peer effect studies our paper is a complement to Brown (2011) and Guryan, Kroft, and Notowidigdo (2012) both of which exploit PGA Tour data to examine peer effects in competition. However, the former look at round-level data to examine the interaction between players on the PGA TOUR and fail to find any evidence of peer effects. Their results also cast doubt on the relevance of a learning effect or even a motivation feedback between playing partners.
At the shot-level, however, as studied in this paper, the data suggest the second-mover has a clear advantage, and the advantage appears consistent with the ability to learn from the first-mover. Brown (2011) finds that the presence of Tiger Woods, a "superstar," in a golf tournament leads to lower performance by everybody else. While we do not test for the effect of a superstar, per se, we find little evidence in our shot-level data that a favorite within a pairing can take advantage of moving first (and nullify the learning opportunity gained by the second-mover).
Finally, the results of this paper may also be of interest to researchers studying the psychological effects of pressure found in competition. Hickman and Metz (2015) use ShotLink data to identify instances on the final hole of PGA Tour tournaments where the amount of money on the line (with respect to a final putt) influences whether or not a player makes the putt. An interesting extension of our current study, in the spirit of Hickman and Metz (2015) , would be to interact such a "final putt" scenario with the (likely rare) cases where the competitors face identical putts. Also, the second-mover learning advantage revealed by our paper may help explain the results in Kocher et al.'s (2012) study of professional soccer, where they fail to find compelling evidence of a first-mover exerting pressure on the player to follow (see the discussion therein for other examples).
To expound on these claims, the remainder of the paper is structured in the usual way. In section 2, we explain how our study fits with tournament theory, as well as the experimental and field studies that have previously looked at order of play in competition. In section 3 we discuss our identification strategy and then in section 4 we report the details of our empirical findings.
And in section 5, of course, we conclude.
Order of play in Tournaments
Competition in tournaments or contests brings to mind both peer effects and game theory. With respect to the latter, a professional golf tournament is clearly a rank-order tournament, with sequential moves, and is evocative of the models found in Dixit (1987) and Jost and Kräkel (2004) .
1 And while for the majority of golf shots, the order of play is endogenous with respect to previous effort (and outcome), in the two cases we identify in the ShotLink data the order of play is plausibly orthogonal to each player's previous shot. Hence, in line with Dixit (1987) we might expect the favorite, if he is the exogenous first-mover among the pairing, will have the advantage. Dixit's (1987) oft-cited paper suggests a player in a tournament makes a pre-commitment to a level of effort based on expected probability of winning and the cost of exerting effort. 2 In Dixit's model the player that is the favorite in the contest has an incentive to over-commit effort and the underdog under-commits, where the strategic commitment to an effort level in Dixit (1987) comes from the exogenous chance to move first. The choice is relative to the level chosen in a
Cournot-Nash equilibrium (where players choose effort levels simultaneously). The player with the lower chance of winning may in fact be "trying harder" than the favorite, just less so relative to what they would be doing in a Cournot-Nash equilibrium (Yildirim (2005) provides a succinct explanation of the theory; see also Baye and Shin (1999) ).
Jost and Kräkel (2004) provide additional theoretical support for the idea of relative effort commitment. They do so in the context of a rank-order tournament where players choose their level of effort sequentially. The sequential nature of the tournament implies that the first-mover can (and will under certain assumptions) increase effort to discourage their opponent, or the second-mover can take advantage of their position to "out-rival" the first-mover. 3 Evidence of the sort of "under-commitment" suggested in Dixit (1987) and Jost and Kräkel (2004) is evident in Brown's (2011) study on the "Tiger Woods" effect. Brown (2011) analyzes PGA Tour golf tournaments to see how the presence of a "superstar" affects lesser-ability players in the tournament. Brown (2011) finds that the presence of Tiger Woods has a negative effect on the other players in the tournament (not just Woods' playing partner, but all participants in the event).
One important difference with PGA Tour events and the implications for effort levels found in Dixit (1987) and Jost and Kräkel (2004) is each player in a PGA Tour event has incentive to 1 In a sequential-move-tournament the second-mover observes the result of the first player's shot though not necessarily the inherent effort level it took that golfer to execute the shot. In contrast, in a sequential contest the second player can only see evidence of the effort, but not the ultimate outcome. These definitions are from Morgan and Vandy (2005) . Morgan and Vandy (2005) cite the contest example of lobbying, where it is easy to observe a special interest group's expense to lobby Congress, but until Congress actually votes, the outcome of that effort is unobservable. 2 The sequential-move event is in contrast to the simultaneous-move framework examined by Tullock (1980) . In Tullock (1980) the contest is a winner-take all event, which contrasts the type of tournament we study in this paper. 3 In the sequential move settings of Dixit (1987) and Jost and Kräkel (2004) the first mover is considered a "Stackelberg leader" and the second-mover is the "Stackelberg follower." maximize effort thanks to the non-linear prize structure of these events. 4 Given such a prize structure, we might expect each player to have a dominant strategy to exert maximum effort regardless of order of play. Studies of tournament design show that the incentive for lower ability players to give less effort can be overcome by creating a more uneven spread of prize money (between winner and loser) or with a more heavily weighted structure for the top finishes, like a PGA Tour event (see Lazear and Rosen, (1981), Frick (2003) and Szymanski (2003) for discussions on tournament design).
Of course, this makes the "superstar" effect found by Brown's (2011) all the more puzzling.
In that case the Tiger Woods effect appears to overcome the effectiveness of the tournament design, leading to the lower effort by everybody else. Similarly, Gill and Prowse (2012) provide experimental evidence that in a rank-order (sequential) tournament, there appears to be a "discouragement" effect from moving second, where the second mover lowers effort after observing a "high" effort by the first mover, consistent with Dixit (1987) . Dechenaux et al. (2012) provide an exhaustive survey of experimental and "field" research on contests and tournaments.
The litany of papers discussed in Dechenaux et al. (2012) suggest it is far from clear that even effective tournament design can overcome a "discouragement effect."
To summarize, on the one hand given the prize structure of PGA Tour events, it seems unlikely that PGA Tour players would choose a lower effort level in the way suggested by Dixit (1987) or consistent with "the discouragement" effect cited by Gill and Prowse (2012) . On the other hand, as explained in Dechenaux et al. (2012) there is enough evidence to think that even in a tournament with a well-designed prize structure, there may yet still be some sort of advantage to playing first, whether that comes from the "discouragement" effect or otherwise. The latter outcome may arise particularly in the case where a "favorite" is given the exogenous opportunity to play first, a là Dixit (1987) . Later we are able test for this exact possibility with the ShotLink data.
Alternatively, order of play may matter not so much due to "optimal" effort strategies, but to the existence of a peer effect, a spillover or externality that occurs between competitors where a co-worker, friend or playing partner exerts some influence on one's success or failure. Peer effects have been studied extensively in settings ranging from grade school classrooms, at the college level, in the workplace, and in athletic competitions. For example, Mas and Moretti (2009) examine the peer effects between grocery store cashiers, while Carrell et al. (2009) among PGA Tour players), the "favorite" may impose some sort of intimidation on the lesserexperienced (or lower ability) player-generating the "discouragement" effect mentioned above in the game theory literature. Or, among players with similar experience the one playing better in a given moment may lead to some simultaneous peer effect, where the second player is either motivated or discouraged by his or her playing partner. Guryan et al. (2009) find that a playing partner's measured ability has no effect on a player's performance, nor does their simultaneous performance. Relevant to our current study, the authors suggest their results "rule out peer effect mechanisms including learning and motivation" (Guryan et al. (2009) , page 35). The lack of "learning" in their results is notable since (one would think) learning is readily available for a twosome in a golf match. Learning might arise from judging the wind, the slope of the putting green, and what may or may not be the correct club to hit on a particular shot. By simple observation of his playing partner's shot, a player can improve his likelihood of hitting a successful shot (see Guryan et al. (2009) for full discussion on this point).
One possible reason Guryan et al. (2009) do not find any evidence of learning, is the learning opportunities they suggest may not exist in a golf match to the extent they describe.
Certainly players observe each other's shots, but the preponderance of playing partners' shots at any point on the golf course are typically not close to each other on any particular hole (which is evident in descriptive statistics we discuss in the next section). While playing the same hole one player may be on the left side of the fairway and the other on the right side, the distance between them may be substantial. Or one player may be in the "rough" (longer, thicker grass) while the other's ball lies in the fairway, which is a well-groomed surface that players prefer to hit from. . This is exactly the sort of information provided by the PGA Tour's Shotlink data and that is exactly the scenario we focus on in this paper.
The discussion thus far suggests at least two hypotheses. One possibility is the player going first has a first-mover advantage. They have not observed the outcome for the second player, so are unaffected by the actual shot the competitor has played (though of course they may have an expectation of the competitor's forthcoming shot). A first mover-advantage would be consistent with some sort of "favorite" advantage, as formalized in Dixit (1987) and Jost and Kräkel (2004), or the "discouragement" effect as it's referred to by Dechenaux et al. (2012) . Or, the player going second has a second-mover advantage. The second-mover observes the competitor's shot, learns something from the shot, and thus plays their shot with more information than the first-mover.
The learning may lead to the second player choosing a different club than they otherwise would have, or adjusting their level of effort, for example. This second-mover advantage is consistent with a "learning" advantage in competition.
The ShotLink data provide an opportunity to distinguish between these possibilities. Any learning advantage should be most pronounced when the players face a similar shot from the same position on the golf course. Of course a player may learn something from watching a playing partner hit a shot from across the fairway. But the information they might gather from observing from afar-the effect of the wind, how the ball rolled after it hit the green, and so on-will be noisy the farther away the players are from each other and the more the conditions vary (rough versus fairway, hitting over water or not, to suggest only two possibilities). In other words, if there is a second-mover advantage consistent with learning, the effect should be more pronounced when the players face the same shot, and less so for playing partners hitting from very different positions.
Moreover, if the first mover is able to exert "discouragement" on the second-mover, then any learning advantage for the latter would be diminished.
Our "Experiment" with PGA Tour ShotLink Data
To distinguish between these possibilities we consider the following "experiment:" we identify in the PGA Tour ShotLink data the specific (but relatively rare) occurrences on the golf course when the order of play is appropriately considered random. We identify the following occurrences in this paper: when playing partners are within at most five feet of one another on the fairway, each facing a shot into the green (and each facing their second shot on that hole); and then, on the putting green when two playing partners find themselves within at most two feet of one another both facing their first putt on that green. on each hole that is specific to the course and tournament at which it is played (average number of strokes to complete each hole, length from tee to pin, and so on).
We exploit the shot-level data in addition to player, tournament, and hole-level information. For the par-4 scenario, there were 470,366 instances of playing partners both ending up on the fairway off of the tee, within any distance of each other (with both shots sitting on level terrain as we explain in the section below). Of those instances, there were only 6,822 cases where the two players were within five feet of each other, or 1.4 percent of time (out of the 470,366). And clearly the occurrence rate is smaller the closer the relative distance. Table 1 also includes performance statistics for the players in each sample (the averages are based on the entire sample period). Table 1 is organized by distances "within" based on our primary sample restrictions. We enforce a number of sample restrictions in order to identify the experiments provided by the fairway and putting green scenarios. We discuss each in turn; thereafter we discuss tests to ensure the scenarios do, in fact, represent quasi-random situations.
The Fairway Experiment
First, we exploit the ShotLink data to focus on the case where playing partners have teed off on a par-4 hole, and find their respective golf balls close enough together that two players have the same shot. By that we mean both balls are in the fairway and are close enough that they essentially face identical conditions. To identify the "same" shot, we use the x-y-z coordinates for each ball at rest and consider any two balls within 5 feet of one another the "same." For robustness we also restrict the distance to three feet down to one foot (later we provide a statistical discussion on why five feet seems a reasonable boundary to define "sameness").
By defining shots within such a small radius we explicitly assume that neither player has a meaningful advantage in distance. Moreover, at such close distance the fairway surface is the same, thus they face the same obstacles in playing the shot (over water, bunkers, around trees, and around or over hanging limbs), and they the face the same temperature and wind conditions while playing the shot (the latter could possibly change in the few minutes between shots; we address this possibility in our sensitivity checks below).
By the rules of golf, the player that is farthest away from the hole plays first. For two players comparing ball position within five feet of one another, or even one foot, in most cases it will still be obvious who is farthest away, establishing the order of play. Even in the case when the relative position is uncertain (the players cannot tell who is closest given their relative position in the sphere), the rules of golf dictate that the order of play should be decided by "lot" (say, by a coin flip). 6 We can identify with reasonable certainty the latter cases in the ShotLink data set using the x-y-z coordinates, just as we can see who is farthest from the hole. And regardless, in virtually all cases, we can confirm the order of play by the time stamp of each shot recorded in the data set.
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In other words, the scenario we have described provides a "natural" experiment where the players find themselves with the same shot yet somebody has to play first. Hence we can isolate the advantage or disadvantage of playing first. Of course, it is possible that some PGA Tour professionals are so accurate with their second shots that a distance of five feet-our upper bound for our sphere of "sameness"-will matter for which player lands closest to the hole, making it difficult to identify any first-mover advantage or disadvantage. For that reason in our estimation below we consider shorter distances for the sphere of "sameness", control for player ability and measures of distance from the hole for each player (both linear and quadratic versions). Also, we
show in the discussion below that conditional on being within five feet of another in the fairway, the distribution of relative ball position appears random and is not related to relative player ability.
Another challenge in identifying order-position advantage is if a player selects into the close-proximity second shot we focus on. That is if the player playing second off the tee is deliberately trying to land close to their playing partner's ball (perhaps for some purpose of gamesmanship), any estimated effect will be biased. In that case, the instance of the two golf balls lying so close to each other would not necessarily be random. However, given the average driving statistics of most PGA Tour professionals, we think even for such skilled professionals such selection is unlikely. For example, as can be seen in Table 1 for the large sample, the average driving length was 288 yards with a standard deviation of 9.1 yards, and the average percentage of fairways made off the tee by all players was 63.3 percent with a standard deviation of 0.06 percent.
However the width of the typical fairway spans a distance much larger than five feet. In other words, as skilled as the players are it would be unlikely for a player to deliberately bring their tee shot to rest within five feet of another player.
Another source of possible selection bias would be if, in the cases where the players cannot tell who is actually closer to the hole, there is some informal process by which the players decide who goes first (contrary to Rule 10.2-b). For example, a lower-ranked player might naturally defer to a more experience player in that setting, or a player with a more aggressive personality might somehow manipulate the order of play to their advantage. We obviously cannot observe such behavior in the data. However, given the culture of PGA Tour professionals (where players regularly call penalties on themselves), rules officials are part of every PGA Tour event, we assume the players follow the rule of randomizing the order (either through a coin flip or flipping a tee, which is similar to a "spin the bottle" method of choosing). Also the ShotLink data allow us to identify situations in which playing partners cannot tell who is closer to the hole (and thus cannot tell who, by rule, should play first) so we can control for those situations in the estimation.
For the latter, since we observe (x, y, z) coordinates for every player's position before each shot, and we also observe the distance from the hole before each shot, we can calculate the distance between player i and playing partner j's positions. We therefore know the length of all three sides of the triangle with vertices defined by each player's position and the pin (see Figure 2 for a depiction). Players i and j's relative proximities to the hole would be difficult to discern if the angles between each other and the hole were are approximately equal. Since we can calculate all three sides of the triangle from the ShotLink data, the Law of Cosines provides the angles and we can discern when the players would likely be uncertain. Ultimately for the sample defined by the five foot boundary, for example, these observations total 474, and do not make a difference to our results.
Lastly, for our "fairway experiment" we only consider par-four holes. This means each player is facing their second shot on the hole, and playing to the green (hence, they are both seeking to get on the green in "regulation" in golf parlance). With a second shot on par-4 holes, it is clear each player is attempting to land their ball on the green. We eschew shots from the fairway on par-5 holes since the second shot may be an attempt to land on the green or the shot might be a layup shot (the player does not attempt to make the green on their second shot; "regulation" on a par-5 is landing on the green in three shots). We also ignore tee shots since the order of play off each tee box is not random; playing rules dictate that the player who scored better on the previous hole must shoot first on the subsequent hole. 
The Green Experiment
For the putting green, we identify the rare cases when, for the first putt attempted by each player, the two players' golf balls are within at most two feet of each other, one foot, and down to six inches from one another (using the x-y-z coordinates once again). And like the case with the fairway shots we assume that two players landing so close to one another with their respective approach shots is random, conditional on both are targeting the same hole (obviously). Similar to the case above it is possible a player might deliberately try to land within two feet for the purpose of gamesmanship, but given average accuracy for such shots into the green we assume that is unlikely. 9 An important contrast with the fairway experiment, however, is we include instances for all holes, par-3s and par-5s in addition to par-4s. Moreover, we focus only on the case when both players are facing their first putt. Second or third putts on any green are correlated with the previous putt and opportunity for selection bias is more likely in those cases. Once again we identify the order of play using the time stamp of each shot in the data set.
Lastly, for both the fairway setting and the putting green we restrict our sample to include only player pairings, avoiding scenarios where there may be more than two players in a group (which may occur in the first two rounds of some tournaments, or if a round is being made-up after having been washed out by rain). We adopt this restriction to avoid modeling of more complex third-mover advantages. We also restrict our data set to tournaments with standard scoring. 10 8 In the event of a tie on the previous hole, the order of play off the tee reverts to that of the previous hole. This is colloquially termed the "honor system." The order of play of the very first shot of each round on the first day of a tournament is random; thereafter the honor on the first hole goes to the player with the lower incoming score. 9 For the 2015 season, for example, when targeting the green from the fairway (called an "approach shot") at the relatively close range of 100 to 125 yards (from the hole), PGA Tour players ended up on average 19.99 feet from the hole, with a standard deviation of 8.4 feet. The player ranked first in this statistic for the 2015 season, Tom Hoge, averaged 15.83 feet with a standard deviation of 5.4 feet. These numbers are based on the authors' calculations for each player in each tournament in 2015, providing a sample size of 4,708 for this particular statistic. 10 This means we exclude any "match-play" events or tournaments with the "Stableford" scoring system. The latter is a system that awards points for a par, birdie, and so on, as opposed to adding up a players raw score on a hole. Match-play events means two players compete for each hole and the player with the lower score wins the hole, regardless of the absolute scores of each player. The winner of the match is the player that wins the most holes. We exclude these tournaments from our experiments since the incentives in those tournaments are different than in a
Econometric Model
The following structural equation captures the effect of moving first on performance for any golf shot:
Equation (1) A simple ordinary least squares (OLS) estimation of a linear version of equation (1) cannot identify unbiased estimates of the impact of shooting before one's playing partner since the order of play on most shots during a round is not random. Hence, F is endogenous. The superior player (or the player faring better during a given round) is more likely to play first on each hole. As this typical golf tournament (and unfortunately there are very few match play events on the PGA TOUR, typically only one per year). Luke Donald suggested to us that players may not really pay that much attention to the learning opportunities apparent in our experiments in stroke play events, or that any such advantage was not large enough for order of play to really matter. Instead, he suggested the chance to learn would matter in match play. We discuss that and other possible extensions of our study in the conclusion of this paper. 11 Players typically take two to seven shots on any given hole. Standard golf courses contain 18 holes in total, and a full round requires a player to complete all 18 holes. Most PGA tournaments include four rounds of 18 holes each. Some tournaments are played on multiple golf courses (typically no more than two).
player is likely striking the ball with more accuracy and perhaps even more distance, OLS estimates of the first-mover effect would be biased downward. On the other hand, this player may be more likely-if their better relative performance is correlated with driving distance and accuracy-to play second on the second shot of the hole, thereby biasing estimates of upwards.
The potential channels for endogeneity become more complex with each successive shot on a hole.
Causal inference requires an experiment that simulates random assignment of the order of play.
Identification
To identify unbiased estimates of the effect of being the first (or second) to play, our identification strategy relies on the sample restrictions already discussed. That is, we seek to identify the causal effect of moving first when the order of play can be considered effectively random. Hence, within the sample, the first mover is randomly selected and uncorrelated with other observable and unobservable information. We summarize the restrictions here for convenience.
Fairway Experiment Restrictions:
We restrict our sample to include only shots in which a player's lie on shot number s is within five feet of his playing partner's lie on shot number s. For shots between tee and green, we restrict our sample to include only second shots (i.e., approach shots) on par 4 holes that take place from the fairway, non-divot, and levelterrain lies. 12 And we restrict our sample to include only player pairings (excluding instances of three or more players on the same hole).
Green Experiment Restrictions.
On the green we restrict our sample to first putts (for each player) within 2 feet of one another (and within one foot, then six inches) and on level terrain. We also only consider player pairings as in the fairway experiment. In contrast to the par-4 fairway scenario, however, the putting test includes all holes. setting is that driving distance is correlated with whomever plays first. This is not surprising since even within one foot, two players can readily identify who plays first (i.e., one ball is a few inches ahead of the other). However, the argument is that regardless of those few inches, the players are playing nearly identical shots, providing the setting for the quasi-randomized experiment.
For another perspective, Figure 1 close to one another should decrease monotonically). In other words within the two-foot range, the mostly uniform distribution suggests relative placement is essentially random. In contrast, the right-side panel in row shows that once we expand the range to five feet on the putting green, beyond about two feet, the relative distance is correlated with absolute distance. In other words, the relative positions are more likely to be farther apart as the distance between them increases.
The contrast within two-feet versus beyond two-feet is important since in the former case there is unlikely to be any selection into which player hits first.
The story is similar for the par-4 scenario. As displayed in the left-side panel of the bottom row of Figure 1 , conditional on being within five feet of another on the fairway, the relative distance is uniformly distributed (suggesting the relative placement within that range is random).
In contrast, the right-side panel of the bottom row of Figure 1 shows that relative distance between the golf balls increases in likelihood beyond a radius of about five feet. Figure 1 is just one way to characterize the quasi-random nature of these unique competition settings. In addition to this perspective, in the next section we report numerous sensitivity checks for our main estimation.
Estimation
Based on the restrictions above, we adjust equation (1) as follows:
For the par-4 setting, we write the shot index s specifically for second shots and we remove shot characteristics Y (because all included shots' lies are on the fairway, divot-free, and on level terrain). And for the putting green setting, the shot index s is restricted to first putts. For both settings, we also include hole-by-round-by-course-by-tournament-by-year fixed effects to account for year-to-year, tournament-to-tournament, and round-to-round differences in each hole (e.g., the placement of the pin on each hole's green typically changes each day of a tournament). We do not include individual player fixed effects since X controls for player characteristics and some characteristics may change over time. Also, given the nature of our identification strategy we do not observe enough repeated observations of each player (i.e., the panel is unbalanced with many singleton groups). However, for robustness, we do report an alternative specification with a group fixed effect (for each playing pair) which subsumes the hole-by-round-by-course-by-tournamentby-year fixed effects, but also captures anything unique to that pairing. For example, perhaps there is some relationship that exists between the playing partners that may matter for any possible advantage of playing order, or creates a selection issue in determining order of play. Note also, in the estimation, in addition to the term (the distance from the hole each player faces when addressing shot s), we include the quadratic term , to capture any non-linearities that might arise as distance increases.
Finally, after controlling for the various fixed effects, includes all other shotspecific unobserved factors. OLS estimation of equation (2) yields causal estimates of γ under the sample restrictions summarized in Section 3.4. In all models, standard errors are clustered by playing group pairing. Table 3 displays the results for the main specification with hole-by-roundby-course-by-tournament-by-year fixed effects for both the par-4 and putting green experiments, with the alternative distances for each setting defining the sphere of "sameness." Table 4 displays the same models but with the group (player pairing) fixed effect.
Main Results for the Fairway and Green experiments
In Table 3 the first three columns display the results from the putting green, and columns four through six display those for the fairway setting. First, on the putting green the variable, "played first dummy," is statistically significant at each distance. The magnitude of the effect is larger the closer the relative starting distance between the two balls. At six inches the first-mover is disadvantaged, ending up an average of 0.685 feet (about eight inches) further from the hole than his competitor. This effect diminishes to 0.587 feet and 0.455 feet at the one foot, and two foot scenarios, respectively. 13 Aside from the first-mover effect, the unconditional distance of the putt to hole (when addressing shot s) is statistically insignificant. The distance-squared term is statistically significant in the two-foot setting, but the magnitude of the coefficient is very small (neither of these latter two results are surprising given the players are with the "sphere of sameness"). By and large the player variables are statistically insignificant, save a couple coefficients across the three models.
On the par-4 fairway shots, we observe a similar disadvantage to playing first. For the five-foot version, the first-mover ends up 1.95 feet further from the hole than the second-mover.
That effect increases to 2.693 and 3.423 feet for the three-foot and one-foot settings, respectively.
The effects are statistically significant in each case. And similar to the putting green setting, the distance variables are statistically insignificant (save one at the ten percent level). In contrast to the putting green experiment, there is more evidence that relative player ability still does matter even when the two players find themselves so close to one another on the fairway (without any advantage in distance). Though as evident in Table 4 , once playing-pair fixed effects are included, the player ability variables lose their statistical significance.
14 Table 4 displays the results when playing-pair fixed effects are included. In the case the first-mover disadvantage is evident in each model with the estimated coefficients slightly larger than in the case shown in Table 3 . Similar to Table 3 , the distance variables, controlling for the group level fixed effect, are statistically insignificant in both the putting green and fairway 13 We also considered a log-linear specification where the coefficients are interpreted as percentage distance from the hole. The log-linear version does not change our qualitative inference of the results, so for simplicity we report the version of the models where the coefficients are more easily understood in terms of feet. 14 One possible explanation for the results on the player characteristics in the fairway setting (Table 3) is we may be picking up a selection mechanism into the pairing. That is, in the case of the 3 rd or 4 th round of a golf tournament partnerships are correlated with performance. Indeed, when we impose the group fixed effect, the player statistics become statistically insignificant (Table 4) . Note however, this particular sort of selection does not invalidate our experiment since our identification strategy controls for round and tournament.
experiments. The player ability variables are mostly statistically insignificant for the putting green models as well as the fairway settings (in contrast to the case for the one-foot par-4 setting shown in Table 3 ).
Overall, the results for the played first dummy suggest the playing second has an advantage, even after controlling for relative player ability as well as the distance from the hole for each player. And this appears to be the case both on the putting green and from the fairway in the settings we isolate. The effect we identify may include a combination of factors which might fall under the category of "learning." The effect may pick up the advantage of not only observing a partner's shot, but also the extra time the second-mover has to prepare his shot.
To better understand the results, and the possible implications for learning, we consider some alternate restrictions. First, we consider a "refined" measurement of shot "sameness" where we identify shots that are not only within some relative distance of one another but are nearly on the exact same "line" of approach with respect to the hole. Second, we consider the case where order of play interacts with experience. In this case we test to see if the "favorite" among the pairing happens to play first, if that attenuates any second-mover advantage. Third, we consider if the time between shots plays a role in any learning effect we identify. And fourth, we divide the putting green and fairway settings by distance quartiles, to see if the apparent learning effect we are capturing is really confined to shots from a certain distance. In doing so we might gain insight into the effect of one factor we cannot directly observe in the data, such as club selection, which may matter in the fairway, in particular. 15 We consider each case in turn. 
Shots on the same "line" and learning
We consider a "refined" aspect of our "sameness" definition and identify the cases within our settings when the players' golf balls lie nearly on the same "line." That is, within the two foot relative sphere, for example, we can exploit the x-y-x measurements to identify when a second mover can follow nearly exactly the putt the first-mover made (or on the fairway, the nearly exact 15 A golfer carries 14 clubs during a golf round and will hit a given club based on an approximate distance from the hole. For example, from 150 yards from the hole, say one golfer hits an "8-iron," and from 165 yards away he hits a "7-iron," and so on. Another golfer might hit a "9-iron" and an "8-iron," respectively. All else equal the latter golf will have an advantage. 16 For the remaining analysis we report only the results for the fixed effects reported in Table 3 . Just as in the main specification including the extra "group" fixed effect did not change the interpretation of the results in Tables 5 through  9 (the estimated coefficients were not substantially different, nor was statistical significance affected). For the interested reader, the results with the group fixed effect are available from the authors by request.
flight path of the ball towards the green). To do so, we calculate the angle at the vertex of the triangle formed by the two players' relative position to the hole (where the hole serves as the vertex of the triangle, i.e., the unlabeled angle in Figure 2 ). The smaller the angle of the vertex, the closer to the same "line" the players' balls are in position to the hole.
For the putting green, we consider angle measurements by percentile, and focus on all pairings where the players' golf balls are within 3.15 degrees (the 33 rd percentile in the sample), 0.35 degrees (the 10 th percentile), and then 0.10 degrees (the 5 th percentile). 17 We report the results for each sub-sample and compare them to the main result (note we only show the case for the twofoot scenario). The first column of Table 5 displays the main result (reproduced from Table 3) , and the next three columns display the results for the three angle ranges listed. We find that the closer the balls get to the same line, the second-mover effect increases. Compared to the main result, the effect doubles magnitude for the sample defined by the 0.10 angle. In each case the effect is statistically significant. This is consistent with a learning story (the same line provides more accurate information obviously than being separated even by only a few inches).
For the fairway setting, too, the second-mover effect is statistically significant as we narrow the angle of the vertex (the vertex angles for the respective percentiles are shown in Table 5 ). Here we consider the five-foot setting, and compared to the main result (reproduced from Table 3 ), the second-mover effect increases notably as the vertex angle diminishes. In this case, from the fairway, one can imagine the second-mover has a more accurate example of the flight path of the ball to the hole (from watching the first-mover). In the least, the estimated coefficients are consistent with such a learning story. Within the five-foot sphere, the results suggest the secondmover advantage is larger from being on the same line than even being relatively closer together (in Table 3 , the magnitude of the effect for the one-foot measurement is 3.423 feet).
Favorite versus Underdog and order of play
In this section we amend our main specifications to control for cases when the first mover in the pairing happens to be the "favorite." If the favorite in the pairing happens to hit first, and there is some advantage to being the favorite (controlling for ability), then the apparent learning effect from going second may be diminished. For example, the first-mover may have more experience, or more confidence gained from experience, and so on, that provide him some advantage (perhaps an intimidation effect of some sort).
To define the favorite we use two different measures related to scoring average. First, we identify a favorite in a pairing if one of the player's scoring average in the current year is more than one-standard deviation lower than his playing partner's (one standard deviation amounts to almost one shot in the data). In this specific case if there is no such separation, then a pairing has no favorite. As an alternative, we define the favorite by interacting the first mover dummy with the difference in pairing average between the playing partners. In this case, each paring has a favorite (unless scoring averages are identical).
We report the results for these experiments in Table 6 . There are two specifications for each of the defined distances (on both green and fairway). For example, column one of Table 6 displays the results with a dummy variable identifying the favorite (from the two-foot setting).
Column two displays the results from a specification with that same dummy as well as for the variable of interest, the interaction between the played-first dummy and the "favorite" variable (highlighted in bold in the table). The results for the fairway settings are reported in the lower half of Table 6 .
In all cases the better-player dummy and the interaction between favorite and moving-first are statistically insignificant. On the putting green, the coefficients of the interaction terms are negative (for either definition of "favorite"), suggesting being the favorite and going first offsets any second-mover advantage; however the standard errors suggest those estimated effects are noise. From the fairway, the interaction effects are mostly positive, yet clearly statistically insignificant. In other words, we do not find compelling evidence that a favorite (as we have defined it) has a particular advantage in our green or fairway experiments.
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18 These results accord with the impressions of both Billy Hurley III and Luke Donald, both of whom doubted that any sort of intimidation factor would matter. Billy Hurley III suggested any such an effect might come from playing with famous players, such as Tiger Woods or Phil Mickelson, but even in that case he was skeptical it would really matter that much. We checked this possibility by identifying any pairings in our sample that included Tiger Woods or Phil Mickelson. Either instance occurred less than 15 times in our sample (as part of the on-the-green sample or the par-4 scenario).
Time between shots
In this sub-section we consider one more aspect of the second-mover advantage we identify in our various models-does the advantage partially come from the extra time the second-mover gets in preparing their shot? To consider this possibility we separate each sample shown in Table 3 by the time between shots. We compare results when the time between shots is below (or equal to) one minute, to the case when the second-mover takes more than one minute to hit their shot (after the first mover). For brevity we display the results for the two foot putting scenario, and the five foot fairway setting, respectively. Table 7 displays there results.
On the putting green there does not appear to be any learning advantage to taking more than a minute to putt. The magnitude of the second-mover advantage is essentially the same in either case (less than a minute versus more than a minute). Also, the second mover advantage is not statistically significant in the case when more than one minute is taken to putt (of course, this particular case is a relatively small sample). From the fairway, the advantage for the second mover taking their time (more than one minute) is more pronounced. The second mover will find themselves about six feet closer to the hole than the first mover when they take more than a minute, versus only about one and half feet when they hit their shot within one minute of their playing partner. Both magnitudes are statistically significant.
One caveat for the results displayed in Table 7 is we cannot claim that "time taken between shots" is a random variable, so we do not mean to imply something causal about time specifically.
However, this particular version of our experiment does allow us to at least capture some heterogeneous response to playing first. In that respect, the differences in the "second mover advantage" are consistent with a learning explanation.
Distance quartiles and learning
The distance from the hole for the pairing may matter for a second-mover's ability to learn; for example, two players taking a three-foot putt may not bestow the same learning advantage to the second mover as a 30 foot putt. While our main specifications do control for absolute distance (and distance-squared) from the hole for each player, it may be possible that there is a systematic effect on learning depending on the relative range from which the players hit their shots. On the putting green this may matter since the farther away the pairing is from the hole, undulations in the green may be a factor-the so-called "break" a player needs to consider when attempting a putt. One could imagine why playing second in that case would be so valuable.
On the fairway, too, distance may matter when it comes to relative ability with what are referred to as "iron" clubs (everything in between the driver, hit off the tee, and the putter, used for the green). That is, should two players find themselves within, say, 300 feet of the hole, two PGA Tour professionals are both likely to be hitting what is known as a wedge club-a club that maximizes altitude while minimizing possible distance over which the ball will travel. From such a distance the emphasis is on the ability to hit with precision, not distance. In contrast, should two players find themselves 600 feet from the green, the player that can hit all of their clubs a longer distance than their playing partner will have an advantage (all else equal). If the "longer" player is hitting a seven-iron from 600 feet, they likely have an advantage over a player hitting a fiveiron from 600 feet-since the latter club by design sacrifices precision for distance. Arguably, PGA Tour professionals can hit any iron club with precision, but relatively speaking the advantage may still be conferred on the longer hitter. From the fairway, in particular, the coefficients estimated from our main specifications could possibly be picking up this club effect. If the longer hitter is the one that typically plays second in the settings we identify (which is suggested by our randomness checks for the fairway setting), then we might observe a greater learning effect at longer distances.
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Hence, we re-estimate our main specifications over distance quartiles. For example, as displayed in Table 8 , the closest quartile for putting green setting is 12.3 feet, while the fourth quartile is delineated by a distance of 30.4 feet and greater (for brevity we only report results for the two-foot setting, and we eschew reporting the estimates on the player ability variables; full results for the quartiles are available upon request by the interested reader). On the putting green, there does not appear to be any systematic relationship between the quartile range and the firstmover disadvantage. The measured effect for the fourth quartile is larger than the first quartile effect, yet the first quartile effect is larger than both the effect measured from the second and third quartiles (both which are not statistically significant). In the least, based on the quartiles there does not appear to be some monotonic decrease in the second-mover advantage the closer the two players start.
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From the fairway, the quartile results are a bit more interesting. The second-mover advantage appears to come from the farther quartiles, and the measured effect increases from the third to the fourth quartiles. The effect in the first two quartiles is statistically insignificant. In other words, the learning opportunity occurs farther the players are from the hole. Or, instead of learning effect, this may be explained by the difference in club-selection discussed above. Of course learning and club selection likely interact-the second-mover may decide on which club to
hit based on what they learn from the first-mover's shot.
The best information on the relative skill in hitting from the fairway in the ShotLink data is the variable, "proximity to the hole," which measures the distance remaining to the hole from various distances from the hole. For example, the variable "Approaches from 175 -200 yards," reveals the how close on average the player gets to the hole when hitting from the fairway within that range (they have a separate statistic for shots from the rough). This variable captures both accuracy and hitting length, though of course, does not reveal which club the player hit on any particular shot. Interestingly, these the proximity variables are generally uncorrelated with average driving distance, with the highest correlation equal to -0.09 for average driving distance and proximity measure from distances greater than 200 yards (and for between 175 and 200 yards, the correlation is -0.06; based on data for the 2015 season).
Distance between partners the sphere of "sameness"
In Table 9 we display results from distances greater than the five-foot and the two-foot demarcations for the fairway and green, respectively. 21 For visual convenience we also include the already reported-results for the entire set of observations as well as the five-foot and two-foot measures. The results show a consistent pattern for the second-mover advantage. At each measurement, the advantage is statistically significant, yet the magnitude diminishes. We interpret 20 Luke Donald suggested the learning possibilities on the putting green are very case dependent. Only in the case when his putt was on very nearly the same line as his playing partner would he think it worth the effort to learn details from his playing partners' putt (and only in the case where he did not think he would be bothering the other player). Instead, he suggested, players just try to get a general sense of the speed of the putt and the "break" of the putt. 21 Billy Hurley III suggested our five-foot demarcation on the fairways may be too strict with respect to learning, in that learning opportunities existed for a second-mover well beyond that range.
the latter as suggesting the opportunity to learn from the first mover diminishes the farther apart the second-mover is from the first-mover.
Of course, an important qualification to the results is once the distance between the players increases the player statistics become important predictors of which player lands closer to the hole.
In other words, beyond the five-foot and two-foot "spheres" in the respective settings the orderof-play is correlated with the players' ability. Hence, beyond five feet the players can no longer be considered in a similar position, the idea of "sameness" no longer holds, and the ability to identify a causal effect is rendered moot.
Instrumental Variables Estimation on Par 3 Holes
As an alternative strategy to identify the order of play advantage, we consider the scenario facing players on the tee shot of a par 3 hole. Par 3 holes are measured as such since they are shorter in length than par 4 or par 5 holes, and for professionals it is expected that a player should be able to land their tee shot on the green. In such a setting, each player faces the same target, with essentially an identical path to the green. In other words, they face a situation on the tee that is similar to our green and par 4 experiments. 22 However, on a tee shot, the order of play is correlated with the success on the previous hole. To identify the order of play advantage on par 3 holes we employ an instrumental variables strategy.
To instrument for order of play on the par-3 tee box, we use the order of play on the first hole of the round, and we restrict our sample to the first and second rounds of PGA TOUR events.
The order of play on the first hole of the first two rounds PGA Tour is randomly determined (as far as the players are concerned). 23 Hence, for causal inference, we adopt a two-stage specification as follows: 22 We thank Billy Hurley III for emphasizing to us that order of play on par 3 holes, and the ability to learn from the first-mover, may be particularly important in a player's mind considering they are guaranteed to be in these situations every round (on a typical course, four of the 18 holes will be par 3)-in contrast to the rarer scenarios we identify on the par 4 holes and the putting green. 23 As stated in Rule 10-2 of the Rules of Golf. During the third and fourth round order of play on the first hole is determined by relative score up to that point in the tournament.
Equation (3) is the first stage, in which the dependent variable is a binary indicator, 1, when player i plays his first (i.e., tee) shot on hole h before his playing partner plays his first shot, during round r, on course c, at tournament t, during season y ( 0 if the playing partner plays first off the tee).
The instrumental variable is , , , which is the same order-of-play indicator but specifically for the first hole of the round. This variable is randomly assigned between playing partners during the first and second rounds of the tournament, therefore it is a valid IV. 24 We control for the usual player statistics Xiy and include hole-by-round-by-course-by-tournament-byyear fixed effects.
Equation (4) is the second stage, in which the dependent variable is the distance from the hole following player i's tee shot, and the main variable of interest is the predicted chance of playing first (from the first stage), .
In Table 10 we display estimates for various subsamples of par 3s played during first and second rounds of tournaments. The first two columns show first and second stage results when the sample is limited to par 3 holes that are either the 2 nd or 3 rd holes of the round-so occurring soon after the random assignment on the first hole. The next two columns expand the sample to include all par 3 holes from the 2 nd up to the 6 th hole of the round, and so on. We consider these subsamples since we view this instrument like a lottery result. One player wins the lottery, one does not, and this outcome is correlated with subsequent outcomes in the round. However, that correlation should diminish as the round goes on (as the lottery result recedes into the past).
The first stage results support the validity of the instrument. In each sub-sample the instrument is a statistically significant predictor of the order of play on the par 3 holes. The firststage F-statistic in each case is also well above 10. In the second stage, we find a statistically significant second-mover advantage in two of the larger sample sizes (though not the largest). That is, when the sample is large enough to include more of the par-3s on each course, we find the instrument is a statistically significant indicator of the second-mover advantage (and the magnitude becomes larger one the sample is expanded to include the second half of the 18 holes). In the least, the results are consistent with the plethora of evidence we find for the par 4 and putting green scenarios.
Clearly, the par 3 "experiment" is different in nature than the putting green and par 4 scenarios we identify. The IV results for the par 3 holes suggest a second-mover advantage is evident. Though, of course, the IV results are not as strong as the results we find for the putting green and par 4 experiments. 25 Hence, we report our IV experiment as complementary, though less compelling, evidence on the order of play effect. In the least, the challenge in identifying an order of play effect using instrumental variables makes the strategy we employ for the par 4 and putting greens all the more compelling.
Conclusion
Our study provides consistent evidence of a second-mover advantage in competition. Based on our designations of "naturally" occurring random situations during golf tournaments, we suggest our results are also consistent with a "learning" story. In contrast we do not find any evidence in favor of the sort of "favorite versus underdog" optimizing behavior formulized in Dixit (1987) and suggested by the PGA-related results offered by Brown (2009).
Our results offer a different perspective on interactions in competition, which may be of interest to any researcher interested in strategic behavior. Our results, for example, show the opposite effect from moving second than found in the experimental study by Gill and Prowse (2012) , and from the penalty-kick setting examined in Apesteguia and Palacios-Huerta (2010) .
The latter conclude the second mover is more likely to suffer from discouragement, while we document a consistent advantage from being the follower. Our study also complements Guryan et al. (2012) by taking a more detailed look at competitor interaction in professional golf tournaments. While Guryan et al. (2012) look at round-level data to conclude there is little evidence of peer effects among playing partners, our shot-level data suggest at least some sort of 25 Another challenge with our instrument is we cannot be sure that tournament organizers, when assigning the first mover off the tee on the first day, are not somehow establishing the order based on player rank or popularity (instead of by coin flip, say). Moreover, we cannot be sure that additional biases enter into the order off the first tee on the second day-perhaps the playing partners base the order of play on the second day (on the first hole) based on who did best the first day. However, if we restrict the instrument to the first tee on the first day, the second stage results do get any stronger.
spillover. In the least, the data we analyze suggest the second-mover has a clear advantage, and the advantage appears consistent with the ability to learn from the first-mover.
We think the premise of our identification strategy can easily be applied to other competitive situations to capture the relevance of sequential-moves in competition. Given the increase in data collection on the behalf of professional sports leagues and other organizations, the opportunity for the type of analysis undertaken in our study is obviously more accessible for researchers (for example see the peer effect study by Mas and Moretti (2009) which exploits "big data" on grocery store clerks). One might, for example, look for "high stakes" scenarios (as emphasized in Hickman and Metz (2015)) where the order of play is randomized. In such a setting one might be able to get a sense of how important order of play interacts with psychological pressure. Possible additional extensions to our paper would to be look for a second-mover advantage in data on the women's PGA Tour, Champions Tour (for male professional golfers over the age of 50) or in any competition defined by a "head-to-head" structure where participants face nearly identical tasks in a relatively controlled "natural" environment. For "all pairs on green" sample size is defined by the case when each player is facing first putt on the green, at any relative position. For the fairway, sample size is defined by the case when each player is on the fairway, on level terrain, at any relative position. "Pairs within" means playing partners within that distance of one another on the green and fairway settings, respectively. Note the number of observations includes each player in each pairing. Statistics calculated from PGA Tour ShotLink data. Note: First measure of favorite is "Better player dummy," which is equal to one if own average score is at least one standard deviation better than partner's average score. The second measure of favorite equals "Partner's avg. score -own avg. score." All models include controls for own and partner's driving accuracy, distance, and putts per round (coefficients not shown here), as well as hole-by-round-bytournament-by-year fixed effects. * p<.10, ** p<.05, *** p<.01. Standard errors are clustered by player pairings. Note: "Within 1 minute" means the second player hits their shot within one minute of the first player, and so on. All models include controls for own and partner's driving accuracy, distance, and putts per round (coefficients not shown here), as well as hole-by-round-bytournament-by-year fixed effects. * p<.10, ** p<.05, *** p<.01. Standard errors are clustered by player pairings. 
